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(54) SURFACE TREATMENT OF SUBSTRATE 

(57)Abstract: 

PURPOSE: To provide the method for surface treatment of a 
substrate by a glow discharge plasma method under an atm. 
pressure by which gases for reaction are uniformly diffused and 
supplied to a plasma region and with which the use efficiency 
thereof is good. 

CONSTITUTION: The substrate 7 is installed into the space of a 
plasma generator which is constituted by providing one surface of a 
metallic electrode 4 with a first solid dielectric substance 6, 
disposing a porous metallic electrode 3 opposite to this first solid 
dielectric substance 6, forming the porous metallic electrode 3 so 
as to permit the supply of the gases for reaction thereto and 
forming a space covered with a second solid dielectric substance 8 
at its flanks between the first solid dielectric substance 6 and the 
porous metallic electrode 3. The gases for reaction and an inert 
gas are supplied to the substrate 7 and the glow discharge plasma 
is generated under the pressure approximate to the atm. pressure. 
The excited active species are brought into contact with the 
substrate surface. 
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* NOTICES * 




JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] The 1 st solid dielectric is prepared in the whole surface of a metal electrode, and counter with the 1 st 
solid dielectric and a porous metal electrode is prepared. It is supposed that supply of the gas for a reaction is 
possible for a porous metal electrode, and a substrate is installed between the 1 st solid dielectric and a porous 
metal electrode in the space covered with the 2nd solid dielectric of the plasma generator made into the space 
where the side face was covered with the 2nd solid dielectric. While supplying inert gas to a substrate, the gas 
for a reaction is supplied to a substrate through a porous metal electrode. Under the pressure near the 
atmospheric pressure The surface treatment approach of the substrate characterized by contacting the active 
species which gave the electrical potential difference to the electrode, was made to generate the glow discharge 
plasma, and was excited by the plasma on a substrate front face. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the surface treatment approach of the substrate by the plasma 
near the atmospheric pressure in more detail about the surface treatment approach of substrates, such as plastics, 
paper, a metal, glass, and ceramics. 
[0002] 

[Description of the Prior Art] Before, the surface treatment approach by the low-pressure glow discharge 
plasma of 0.1 - lOTorr extent is widely learned as the approach of wettability control of the front face of 
substrates, such as plastics, paper, a metal, glass, and ceramics, or surface qualification, and, also industrially, it 
is applied. In this surface treatment approach, if it becomes a high pressure from the above-mentioned pressure, 
since discharge becomes local, it will shift to arc discharge and utilization to heat-resistant scarce plastics or a 
substrate like paper will become difficult, the above-mentioned pressure range is usually chosen so that it can 
apply to all substrates. For this reason, on the need of making it a vacuum (or low voltage), the container for 
processing needs an expensive vacuum chamber, and evacuation equipment is needed. Furthermore, if it is 
going to process to the substrate of a large area in order to process in a vacuum, a mass vacuum housing is 
needed and a large-sized thing is required also for evacuation equipment. Therefore, there was a trouble that 
facility costs became high. Moreover, when surface treatment of a substrate with high water absorption was 
performed, long duration was taken to make it a vacuum and there was also a trouble that a processing article 
became cost high. 

[0003] Then, in order to conquer the above-mentioned various troubles, the glow discharge plasma under the 
atmospheric pressure in which the processing to a large area substrate is possible has been proposed as low cost- 
ization of equipment and a facility. For example, the surface treatment approach of performing the glow 
discharge plasma to JP,2-15171,A under atmospheric pressure by the approach of using a thin line mold 
electrode for JP,2-48626,B by the approach of arranging a solid dielectric in an electrode surface is proposed. 
Although the approach of supplying two or more puncturing to the plasma region near [ a perforated pipe to ] 
the substrate which it has was used by these proposals in the mixed gas of the inert gas and the gas for a 
reaction which are mainly concerned with helium, when it became the substrate of a large area in this case, 
there was a trouble that it was difficult for homogeneity to carry out diffusion supply of the gas. 
[0004] Moreover, it considers as the metal electrode which can supply the reactant gas for surface treatment 
which arranged the perforated plate-like solid dielectric in the opposed face for one side to JP,2-73979,A. A 
substrate is installed between two electrodes which used another side as the metal electrode and which counter, 
and inert gas and the gas for a reaction are supplied to inter-electrode space. Under the pressure near the 
atmospheric pressure Give an electrical potential difference to an electrode, the glow discharge plasma is made 
to cause, and the thin film forming method by contacting the active species excited by the plasma on a substrate 
front face is proposed. However, by this approach, there were few rates of the gas actually used for surface 
treatment among the gas for a reaction, intact gas occurred so much, and there was a trouble that the utilization 
ratio (yield) of the gas for a reaction was bad. 
[0005] 

[Problem(s) to be Solved by the Invention] This invention is made in view of the above-mentioned trouble, and 
the object has gas for a reaction in homogeneity in a plasma region that diffusion supply is carried out and the 
utilization ratio offers the surface treatment approach of the substrate by the good glow discharge plasma 
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method under atmospheric p^^kre. 
[0006] 

[Means for Solving the Problem] As for the surface treatment approach of the substrate of this invention, the 1st 
solid dielectric is prepared in the whole surface of a metal electrode. Counter with the 1 st solid dielectric, a 
porous metal electrode is prepared, and supply of the gas for a reaction of a porous metal electrode is enabled. 
Between the 1st solid dielectric and a porous metal electrode, while a side face installs a substrate in the space 
covered with the 2nd solid dielectric of the plasma generator made into the space covered with the 2nd solid 
dielectric and supplies inert gas to a substrate The gas for a reaction is supplied to a substrate through a porous 
metal electrode, an electrical potential difference is given to an electrode under the pressure near the 
atmospheric pressure, the glow discharge plasma is generated, and it is characterized by contacting the active 
species excited by the plasma on a substrate front face. 

[0007] In this invention, mainly by forming formation of a surface functional group layer, formation of a free 
radical layer, a hydrophilic property, and a water-repellent thin film etc., the surface preparation of a substrate 
controls the surface energy of a substrate, makes the thin film of minerals or the quality of organic form in 
reforming the wettability and the adhesive property of a substrate, and a substrate front face, and points out 
chemical, mechanical, optical, and giving electrical characteristics etc. to a substrate. 

[0008] In this invention, the gas for a reaction chosen according to the object of surface treatment is supplied to 
a plasma region from a porous metal electrode, and surface treatment is performed. In making a substrate front 
face carry out the chemical bond of the fluorine, making surface energy low as gas for a reaction, for example 
and giving water repellence, it uses the gas of fluorine content. As fluorine content gas, sulfur fluoride gas, such 
as saturation fluoride [ carbon ] gas, such as 6 4 fluoride [ carbon ] (CF4), carbon, etc. fluoride (C two F6), and 
6 sulfur fluorides (SF6), is mentioned. 

[0009] Moreover, when making surface energy high and giving a hydrophilic property to reverse, in order to 
make the layer which has functional groups, such as a carbonyl group, hydroxyl, and an amino group, form in a 
front face, the gas of a hydrocarbon compound is used. As the above-mentioned hydrocarbon compound, for 
example Methane, ethane, a propane, Alkanes, such as butane, a pentane, and a hexane; Ethylene, a propylene, 
Alkadiene, such as alkenes; pentadienes, such as a butene and a pentene, and a butadiene; Acetylene, Alkynes, 
such as methylacetylene; Benzene, toluene, a xylene, Aromatic hydrocarbon, such as an indene, naphthalene, 
and a phenanthrene; A cyclopropane, Cycloalkanes, such as a cyclohexane; Cycloalkene; methanols, such as 
cyclopentene and a cyclohexene, Alcohols, such as ethanol; aldehydes, such as ketones; methanals, such as an 
acetone and a methyl ethyl ketone, and ethanal, are mentioned, and these may be used independently and may 
be used together two or more sorts. Moreover, it is also possible to use oxygen gas, the mixed gas of oxygen 
and hydrogen, a steam, ammonia gas, etc. in this case. 

[0010] in order [ moreover, / chemical to a substrate mechanical, optical, and in order to give electrical 
characteristics etc. ] — Si02, Ti02, and Sn02 etc. — when forming a metallic-oxide thin film, the gas or the 
steams of an organic metal compound, such as hydrogenation metal gas, halogenation metal gas, or a metal 
alcoholate, are used. 

[001 1] Construction material, especially a configuration, etc. are not limited, but even when plastics, a metal, 
glass, a ceramic, paper, fiber, etc. are mentioned and the substrate used for this invention has them, porosity is 
also available for it. [ precise ] As plastics, a film or sheets, such as polyethylene terephthalate and 
polyethylenenaphthalate, can be used, for example. [, such as polyester; polyethylene or polypropylene, ] [, such 
as a polyolefine; polystyrene; polyamide; polyvinyl chloride; polycarbonate; polyacrylonitrile, ] In the case of a 
film, what was extended may also be a non-extended thing. Moreover, what performed well-known processing 
of surface washing or surface-activity-izing may be used. 

[0012] Based on drawing, this invention is explained to an example for the case where water repellence is given 
to below on the surface of plastics at a detail. In addition, in drawing 1 -3, the same sign is given to what 
corresponds mutually. Drawing 1 is type section drawing showing an example of the plasma generator used for 
this invention. This equipment consists of a power supply section 1, a processing container 2, the porous metal 
electrode 3 which counters and a metal electrode 4, and the two inter-electrode plasma treatment sections 5 that 
counter. For it being supposed that impression of the electrical potential difference of the frequency of kHz 
order is possible for a power supply section 1 , and giving water repellence, the frequency of 10-30kHz is 
desirable. Since the behavior which shifts to arc discharge is shown when it takes [ processing ] time amount 
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and is inefficient and too higi^pice a plasma consistency and self-bias ^^become small if applied voltage is 
too low although impression c^nigh tension performs plasma formation, it is desirable to impress an electrical 
potential difference so that it may become field strength 5-40 kV/cm extent. 

[0013] Top-face 2a and base 2b is [ product made from stainless steel and side-face 2c ] the products made from 
Pyrex glass, and, as for the processing container 2, 2d of insulators is arranged between top-face 2a and the 
porous metal electrode 3. Glass and the product made from plastics are sufficient not only as this but all, and if 
the construction material of the processing container 2 has taken the electrode and the insulation, metal, such as 
stainless steel and aluminum, is sufficient as it. 

[0014] In this invention, the plasma treatment section 5 by the glow discharge plasma is the space between the 
1 st solid dielectric and a porous metal electrode. The electrode which counters uses at least one side as the metal 
electrode which arranged the 1 st solid dielectric in the opposed face, and uses at least one side as the porous 
metal electrode which can supply the gas for a reaction. That is, there are the following five cases as a 
configuration of two electrodes which counter. 

** The porous metal electrode of porous metal-electrode-solid dielectric arrangement of porous metal- 
electrode-porosity metal-electrode ** solid dielectric arrangement of porous metal-electrode ** solid dielectric 
arrangement of porous metal-electrode ** metal-electrode-solid dielectric arrangement of metal-electrode- solid 
dielectric arrangement of metal-electrode-porosity metal-electrode ** solid dielectric arrangement of solid 
dielectric arrangement [0015] At drawing 1 , the configuration of the above-mentioned ** is shown and two 
electrodes which counter consist of a porous metal electrode 3 and a metal electrode 4 which arranged the 1 st 
solid dielectric 6. As the porous metal electrode itself serves as the supply pipe of gas and the porous metal 
electrode which can supply the gas for a reaction shows it to the porous metal electrode 3 of drawing 1 , path 3a 
of gas is prepared in the interior of an electrode, and the opposed face to the electrode of another side which 
counters is made into the porous field which has puncturing 3b of a large number used as the outlet section of 
gas. In addition, the porous metal electrode 3 and a metal electrode 4 are connected so that either may be an 
anode plate side and another side may be on a cathode side. Moreover, as for two electrodes with which the 
configuration of the above-mentioned ** - ** counters, whichever may become the upper part or the lower part. 

[0016] A plastic plate 7 is placed on the 1st solid dielectric 6. In addition, if the surface treatment of only one 
side of a substrate is required, ** - ** will be chosen among the configurations of the aforementioned electrode, 
and if double-sided simultaneous processing is required, the configuration of ** or ** will be chosen. 
[0017] As construction material of the 1st solid dielectric 6, plastics, such as ceramic; glass; 
polytetrafluoroethylene and polyethylene terephthalate, is used, and it is suitably chosen by reactivity with the 
gas for a reaction. For example, since glass melts easily by 4 fluoride [ carbon ] plasma, in water-repellent 
grant, it is hard to use. Since it will be hard coming to discharge as a configuration if too thick [ if too thin, 
dielectric breakdown will happen at the time of high-tension impression, and arc discharge will arise, and ] 
although the shape of the shape of a sheet and a film is also available, the thickness of 0.04-4mm is desirable. 
Since arc discharge will arise into the part if there is a part which is not arranged in a part of opposed face, 
arrangement of a solid dielectric needs to be arranged all over an opposed face. 

[0018] The homogeneity of diffusion of the gas of the space between the 1st solid dielectric which will counter 
if too long although suitably determined by the quantity of gas flow of the gas for a reaction, the magnitude of 
applied voltage, the thickness of a processing substrate, etc., and a porous metal electrode is spoiled, and its 
intact gas for a reaction increases, and since the distance between the 1st solid dielectric which counters, and a 
porous metal electrode is inefficient-like, it is desirable. [ of 1 -20mm ] 

[0019] as [ show / in drawing 1 / as arrangement structure of the 1st solid dielectric which counters, and a 
porous metal electrode ] — coaxial-circles telescopic, a cylinder pair plate mold, a hyperboloid pair plate mold, 
etc. may be mutually used besides a parallel plate mold — as it carries out, you may have the shape of two or 
more pipe as the point of one electrode shows drawing 2 , and shown in drawing 3 , you may have the shape of 
two or more thin line. 

[0020] Pure metals, such as a metal of multicomponent systems, such as stainless steel and brass, or copper, and 
aluminum, are also available for the construction material of a metal electrode. 

[0021] In this invention, the side face between the 1st solid dielectric which counters, and a porous metal 
electrode is covered with the 2nd solid dielectric 8. although the thing same as construction material of the 2nd 
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solid dielectric as the constriM^a material used for said 1st solid dielec^J^arried out is mentioned — the 1st 
solid dielectric — being the sa^re — you may differ by carrying out. As an approach of covering the side face 
between the 1st solid dielectric which counters, and a porous metal electrode As shown in drawing 1 , when the 
2nd solid dielectric has remarkable thickness like a sheet It is in the condition which enabled it to go into 
****** ^ p rocess i n g schedule field of the substrate processed since processing of the substrate front face in 
contact with the 2nd solid dielectric becomes impossible — large — a sheet — **** omission and the processing 
schedule field of a substrate --****** — him — As this sheet is shown in the approach, drawing 2 , or drawing 3 
put between the 1 st solid dielectric which counters, and a porous metal electrode, when the 2nd solid dielectric 
is a film, the approach of twisting around the peripheral face of an electrode in the shape of a skirt board is 
mentioned. 

[0022] The gas for a reaction is efficiently used so that it will be carried out with the 2nd solid dielectric, if the 
side face between the 1st solid dielectric and a porous metal electrode is sealed, but to supply inert gas and the 
gas for a reaction to the processing container 2 from a different entry, in order to make the plasma treatment 
section 5 diffuse inert gas, it is necessary to open sufficient clearance. Case [ whose approach and 2nd solid 
dielectric 8 which open a small hole in the side face of the 2nd solid dielectric 8, for example are / like the 
above-mentioned sheet as an approach of making a clearance forming ], the method of preparing irregularity in 
a sheet top face or an underside etc. is mentioned. 

[0023] In this invention, as mentioned above, a substrate 7 is installed between said 1st solid dielectric and 
porous metal electrodes, inert gas and the gas for a reaction are supplied to said space, give an electrical 
potential difference to an electrode, the glow discharge plasma is made to cause under the pressure near the 
atmospheric pressure, and the active species excited by the plasma is contacted on a substrate front face. 
[0024] Atmospheric pressure is desirable, when the pressure the above and near the atmospheric pressure points 
out the thing of 100 - 770Torr and low cost-ization of equipment and a facility is taken into consideration. 
[0025] As inert gas, although the simple substance or mixed gas of rare gas, such as helium, Ne, Ar, and Xe, or 
nitrogen gas is used, it is desirable to use helium advantageous to the life of a metastable state understanding the 
gas for a reaction an excited part for a long time. To use inert gas other than helium, it is necessary to mix 
hydrocarbon gas, such as organic substance steams, such as an acetone within 2 volume %, and a methanol, and 
methane, ethane. 

[0026] When giving water repellence, the gas of fluorine content is used as gas for a reaction. Since it is hard to 
generate the glow discharge plasma even if fluorine content gas concentration impresses high tension above 
about 10 volume %, below about 10 volume % is desirable, the mixing ratio of inert gas and fluorine content 
gas has little amount of the reactant gas used, and between 0.3 which can end and can give water repellence - 
5.0 volume %s is more desirable. 

[0027] Control of flow of the gas for a reaction is carried out with a massflow controller, and it is introduced 
into the plasma treatment section 5 from the gas inlet 9 of the porous metal electrode 3. From gas inlet 10a of 
the gas installation tubing 10, by the massflow controller, control of flow of the inert gas is carried out, and it is 
introduced into the processing container 2. Although it is made for the part in the processing container 2 to have 
the perimeter of the plasma treatment section 5 surrounded as shown in drawing 1 and many holes may be set to 
gas outlet 10b in an open eclipse and its hole at the inner skin of the surrounded part, especially, the gas 
installation tubing 10 is not constituted in this way, but ** also diffuses inert gas for it in homogeneity mostly at 
the plasma treatment section 5. Moreover, although inert gas and the gas for a reaction may be mixed and you 
may introduce from a gas inlet 9, in order to give water repellence to homogeneity, it is desirable to introduce 
only the gas for a reaction from a gas inlet 9. In addition, the intact gas for a reaction and inert gas are 
discharged from the gas exhaust port 1 1 of a processing container. 

[0028] To the atmospheric pressure plasma treatment of water-repellent grant, it is unnecessary and especially 
heating and cooling of a substrate are possible enough under a room temperature. 

[0029] Moreover, even if the processing time is determined in the magnitude of applied voltage, it ****** in 
about 5 seconds in the range of said applied voltage and it processes over the time amount beyond it, water- 
repellent ****** does not improve but short- time processing is enough as it. 
[0030] 

[Example] Hereafter, the example of this invention is explained. 

The plasma generator shown in example 1 drawing 1 (a metal electrode 4 is used as a disk mold with a diameter 
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of 80mm, and arranges polyt^^fcuoroethylene with a diameter [ of 90r^/J> and a thickness of 1mm as the 1st 

solid dielectric 6 on it.) the p^mis metal electrode 3 — a disk mold with a diameter [ of an opposed face ] of 
80mm — setting — as a substrate 7 ~ polyester film (the Toray Industries, Inc. make — ) with a 80mmx80mmx 
thickness of 100 micrometers A trade name "lumiler S10" is placed on the 1st solid dielectric 6. On the 
substrate 7 The polytetrafluoroethylene sheet of the shape of a corrugated plate with the outer diameter of 
80mm, a bore [ of 70mm ], and a thickness of 5mm is placed for the side face between the 1st solid dielectric 
which counters, and a porous metal electrode as the 2nd solid dielectric 8 of a wrap (since a sheet is a 
corrugated plate-like). It is an oil sealed rotary pump (not shown) to lTorr after setting the distance of the 
substrate 7 and the porous metal electrode 3 with which few clearances are formed between a substrate 7 and 
the 2nd solid dielectric 8 and between the porous metal electrode 3 and the 2nd solid dielectric 8 as about 5mm. 
the following — being the same ~ it exhausted from the exhaust port 12. 

[0031] Subsequently, after introducing 4 fluoride [ carbon ] gas of quantity-of-gas-flow 2sccm in the processing 
container 2 from gas inlet 10a and making helium gas of 198 seem into the atmospheric pressure of 760Torr for 
it more nearly again than a gas inlet 9, the square wave with a frequency of 1 5kHz was impressed with power 
(6.2kV and 28mA), was left for 10 seconds, and surface treatment of a substrate was carried out. As a result of 
observing plasma luminescence and observing the voltage-current property at that time with an oscilloscope 
with high-tension impression, the pulse characteristics shown in drawing 4 were shown, and it turned out that it 
is the typical pulse discharge of the current characteristic of a single pulse at the half cycle. 
[0032] Next, contact angle measurement to the pure water of the processing side of the substrate after 
processing was performed. Consequently, it was clear for 100 - 108 degrees to be shown and to ****** by the 
circular region with a diameter of 60mm. In addition, the contact angle of the used substrate was 65 degrees. 
Moreover, as a result of analyzing a processing side by X-ray photoelectron spectroscopy, it turned out that 
67% of fluorine is carrying out the chemical bond to the front face by the atomic ratio. 

The polytetrafluoroethylene sheet of the shape of a corrugated plate with a thickness of 5mm was used as the 
2nd solid dielectric 8 in example 2 example 1 , And the thing for which the polytetrafluoroethylene sheet of the 
shape of a corrugated plate with a thickness of 10mm was used instead of having set the distance of a substrate 
7 and the porous metal electrode 3 as about 5mm, respectively, And everything but having changed the quantity 
of gas flow in an example 1 , power, and the processing time as follows carried out surface treatment of a 
substrate to having set the distance of a substrate 7 and the porous metal electrode 3 as about 1 0mm, and a list 
like the example 1 . After introducing 4 fluoride [ carbon ] gas of quantity-of-gas-flow 6sccm in the processing 
container 2 from gas inlet 10a and making helium gas of 194sccm into the atmospheric pressure of 760Torr for 
it more nearly again than a gas inlet 9, the square wave with a frequency of 15kHz was impressed with power 
(lO.OkV and 35mA), was left for 10 minutes, and surface treatment of a substrate was carried out. 
[0033] Consequently, plasma luminescence was observed with high-tension impression, and it was clear the 
contact angle's over the pure water of the processing side of the substrate after processing for 100 - 108 degrees 
to be shown and to ****** by the circular region with a diameter of 60mm. Moreover, as a result of analyzing a 
processing side by X-ray photoelectron spectroscopy, it turned out that 65% of fluorine is carrying out the 
chemical bond to the front face by the atomic ratio. 

[0034] The electrode of the structure shown in drawing 2 R> 2 to which the point of the example 3 porosity 
metal electrode 3 is carrying out the shape of two or more pipe (the opposed face of a porous metal electrode) 
Are a round shape with a diameter of 80mm and it is supposed that 80 with die-length [ of 10mm ], outer- 
diameter [ of 2mm ], and a bore of 1mm pipe 3c protrudes. A metal electrode 4 is used as a disk mold with a 
diameter of 85mm. As the 1st solid dielectric 6 on it The diameter of 90mm, The equipment which arranged 
polytetrafluoroethylene with a thickness of 1mm is used, as a substrate 7 — a polyamide film (the Toray 
Industries, Inc. make — ) with a 85mmx85mmx thickness of 12 micrometers A trade name "Kapton" is placed on 
the 1st solid dielectric 6. Subsequently, after covering the peripheral face of the porous metal electrode 3 in the 
shape of a skirt board with a polytetrafluoroethylene film with a thickness of 100 micrometers which is the 2nd 
solid dielectric 8 (die length from the opposed face of the porous metal electrode 3 to the head of a skirt board 
was set to 20mm), The distance to the head of pipe 3c of a substrate 7 and the porous metal electrode 3 was 
exhausted with the oil sealed rotary pump to lTorr after setting it as about 5mm. Subsequently, after 
introducing 4 fluoride [ carbon ] gas of quantity-of-gas-flow 4sccm in the processing container 2 from gas inlet 
10a and making the mixed gas of Ar gas of 194sccm, and the acetone steam of 2sccm(s) into the atmospheric 
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pressure of 760Torr for it md^Bearly again than a gas inlet 9, the squai^_Pve with a frequency of 15kHz was 
impressed with power (12.51^Wnd 38mA), was left for 10 seconds, and surface treatment of a substrate was 
carried out. Plasma luminescence was observed with high-tension impression. 

[0035] It was clear the contact angle's over the pure water of the processing side of the substrate after 
processing for 100 - 108 degrees to be shown and to ****** by the circular region with a diameter of 85mm. In 
addition, the contact angle of the used substrate was 63 degrees. Moreover, as a result of analyzing a processing 
side by X-ray photoelectron spectroscopy, it turned out that 55% of fluorine is carrying out the chemical bond 
to the front face by the atomic ratio. 

[0036] Having not placed the polytetrafluoroethylene sheet as the 2nd solid dielectric 8 of a wrap for the space 
between the 1st solid dielectric and a porous metal electrode on the substrate 7 in example of comparison 1 
example 1 , and 4 fluoride [ carbon ] gas from a gas inlet 9 Moreover, everything but having mixed 4 fluoride 
[ carbon ] gas and helium gas, and having introduced in the processing container 2 instead of [ gas inlet 1 0a ] 
having introduced helium gas in the processing container 2 from gas inlet 10a, carried out surface treatment of a 
substrate like the example 1 . 

[0037] Consequently, plasma luminescence was observed with high-tension impression, and, as for the contact 
angle over the pure water of the processing side of the substrate after processing, the contact angle of 30 or less 
degrees was found by not showing and ******(ing) in respect of all processings. Moreover, as a result of 
analyzing a processing side by X-ray photoelectron spectroscopy, it turned out that only about 5% of fluorine 
has carried out the chemical bond to the front face by the atomic ratio. 

[0038] Instead of having mixed 4 fluoride [ carbon ] gas and helium gas in the example 1 of example of 
comparison 2 comparison, and having introduced in the processing container 2 from gas inlet 1 0a, everything 
but having introduced the mixed gas of 4 fluoride [ carbon ] gas and helium gas in the processing container 2 
from the gas inlet 9 carried out surface treatment of a substrate like the example 1 of a comparison. 
Consequently, plasma luminescence was observed with high-tension impression, and, as for the contact angle 
over the pure water of the processing side of the substrate after processing, the contact angle of 35 - 45 degrees 
was found by not showing and ******(i n g) in respect of all processings. Moreover, as a result of analyzing a 
processing side by X-ray photoelectron spectroscopy, it turned out that only about 20% of fluorine has carried 
out the chemical bond to the front face by the atomic ratio. 

[0039] In the example 4 example 1, instead of having introduced helium gas for 4 fluoride [ carbon ] gas in the 
processing container 2 from gas inlet 10a more nearly again than a gas inlet 9, 4 fluoride [ carbon ] gas and 
helium gas were mixed, and everything but having introduced in the container carried out surface treatment of a 
substrate like [ gas inlet / 9 ] the example 1 . Consequently, the contact angle over the pure water of the 
processing side of the substrate after processing varied among 45 - 108 degrees. Moreover, as a result of 
analyzing a processing side by X-ray photoelectron spectroscopy, 20 - 60% of fluorine which carried out the 
chemical bond was checked by the atomic ratio. 

[0040] In the example 5 example 1 , everything but having used the filter paper performed surface treatment like 
the example 1 instead of having used polyester film as a substrate. Consequently, it was clear the contact angle's 
over the pure water of the processing side of the substrate after processing for 100 - 108 degrees to be shown 
and to ****** by the circular region with a diameter of 60mm. 

[0041] The electrode of the structure shown in drawing 3 to which the point of the example 6 porosity metal 
electrode 3 is carrying out the shape of two or more thin line (the opposed face of a porous metal electrode) the 
diameter of 80mm — circular — 3d of thin lines with a die length of 10mm — 10/cm2 It is supposed that it 
protrudes by the consistency. A metal electrode 4 is used as a disk mold with a diameter of 85mm. As the 1st 
solid dielectric 6 on it The diameter of 90mm, The equipment which arranged polytetrafluoroethylene with a 
thickness of 1mm is used, as a substrate 7 — polyester film (the Toray Industries, Inc. make — ) with a 
85mmx85mmx thickness of 100 micrometers A trade name "lumiler S10" is placed on the 1st solid dielectric 6. 
Subsequently, after covering the peripheral face of a porous metal electrode in the shape of a skirt board with a 
polytetrafluoroethylene film with a thickness of 100 micrometers which is the 2nd solid dielectric 8 (die length 
from the opposed face of the porous metal electrode 3 to the head of a skirt board was set to 20mm), The 
distance to the head of 3d of thin lines of a substrate 7 and the porous metal electrode 3 was exhausted with the 
oil sealed rotary pump to lTorr after setting it as about 5mm. 

[0042] Subsequently, after introducing the mixed gas of 4 fluoride [ carbon ] gas of quantity-of-gas-flow lsccm, 
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and the oxygen of 2sccm(s) j^^fc processing container 2 from gas inlet^^Jand making helium gas of 1 97sccm 
into the atmospheric pressur^^60Torr for it more nearly again than a gas inlet 9, the square wave with a 
frequency of 15kHz was impressed with power (6.2kV and 28mA), was left for 30 seconds, and surface 
treatment of a substrate was carried out. Plasma luminescence was observed with high-tension impression. It 
was clear that the contact angle's over the pure water of the processing side of the substrate after processing 1 5 
degrees is shown and hydrophilization is carried out by the circular region with a diameter of 85mm. 
[0043] 

[Effect of the Invention] Compared with the surface treatment approaches, such as plastics by the conventional 
low voltage glow discharge plasma, it does not need equipment and to be furnished for special vacuum 
formation, but the configuration of this invention is as above-mentioned, and handling is [ moreover, the special 
actuation for it is also unnecessary, and it excels in the cost lowering effectiveness, and ] easy. Moreover, since 
diffusion supply of the gas for a reaction is carried out in a plasma region at homogeneity, large-area-izing of 
the processing field which was the technical problem of the atmospheric pressure plasma is possible, and 
efficient utilization of the gas for a reaction is possible. Furthermore, moreover surface treatment is 
simultaneously possible in both sides of a substrate, the block definition of a processing side is also possible and 
the repercussion effect on industry will be large from now on. Furthermore, it can develop easily also to thin 
film formation. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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(5 7 )Abstract: 

PURPOSE: To provide the method for surface treatment 
of a substrate by a glow discharge plasma method under 
an atm. pressure by which gases for reaction are 
uniformly diffused and supplied to a plasma region and 
with which the use efficiency thereof is good. 
CONSTITUTION: The substrate 7 is installed into the 
space of a plasma generator which is constituted by 
providing one surface of a metallic electrode 4 with a 
first solid dielectric substance 6, disposing a porous 
metallic electrode 3 opposite to this first solid dielectric 
substance 6, forming the porous metallic electrode 3 so 
as to permit the supply of the gases for reaction thereto 
and forming a space covered with a second solid 
dielectric substance 8 at its flanks between the first 
solid dielectric substance 6 and the porous metallic 
electrode 3. The gases for reaction and an inert gas are 
supplied to the substrate 7 and the glow discharge 
plasma is generated under the pressure approximate to 
the atm. pressure. The excited active species are 
brought into contact with the substrate surface. 
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